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(54) Illumination system and exposure apparatus and method 



(57) An illumination system and exposure appara- 
tus and method involving illuminating a surface over an 
illumination field (IF) having an arcuate shape. The illu- 
mination system comprises a light source (54) for pro- 
viding a light beam (100), and an optical integrator (56). 
The optical integrator comprises a first reflective ele- 
ment group (60) having an array of first optical elements 
(E) each having an arcuate profile correspnnriinr} to the 
arcuate shape of the illumination field. Each of the first 
optical elements has an eccentric reflecting surface 
(RSe) comprising an off -axis section of either a spherical 
surface (S) or an aspherlcal surface (ASg). The array of 
first optical elements is designed so as to form a plurality 
of arcuate light beams (108) capable of forming a plu- 
rality of light source images (I). The illumination system 
further includes a condenser optical system (64) de- 
signed so as to condense said plurality of arcuate fight 
beams to illuminate the surface over the arcuate illumi- 
nation field in an overlapping manner. 
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Description 
Field of the Invention 

[0001] The present invention relates to an illumination system capable of providing uniform illumination and more 
particularly relates to an exposure apparatus incorporating the illumination system, and a semiconductor device man- 
ufacturing method using same. 

Background of the Invention 

[0002] Conventional exposure apparatus for manufacturing semiconductor devices include an illumination system 
for Illuminating a circuit pattern formed on a mask and projecting this pattern through a projection optical system onto 
a photosensitive substrate (e.g., a wafer) coated with photosensitive material (e.g., photoresist). One type of projection 
optical system employs an off-axis field (e.g., an arcuate field) and projects and transfers only a portion of the mask 
circuit pattern onto the wafer if the exposure were static. An exemplary projection optical system having such a field 
compnses two reflecting mirrors, a concave mirror and a convex mirror. In such projection optical systems transfer of 
the entire mask circuit pattern onto the wafer is performed dynamically by simultaneously scanning the mask and wafer 
in a fixed directkjn. 

[0003] Scanning exposure has the advantage in that a high resolving power is obtained with a comparatively high 
throughput. In scanning-type exposure apparatus, an illumination system capable of uniformly illuminating with a fixed 
numencal aperture (NA) the entire arcuate field on the mask is highly desirable. Such an Illumination system is disclosed 
in Japanese Patent Application Kokai No. Sho 60-232552. With reference to FIG. 1 . an illumination system 10 disclosed 
therein, comprises, along an optical axis A. an ultrahigh-pressure mercury lamp 12. an elliptical mirror 14 and an 
optical integrator 1 6. With reference now also to FIG. 2, optical integrator 1 6 has an incident surface 1 6i an exit surface 
16e, and comprises a combination of four segmented cylindrical lenses 16a-16d. Lenses 16a and 16d are located at 
the respective ends of optical integrator 16. are oriented in the same direction, and have a focal length f1 
[0004] Lenses 16b and 16c are located between lenses 16a and 16d and are each oriented in the same direction 
which IS substantially perpendicular to the orientation of lenses 1 6a and 1 6d. 

[OOOS] Adjacent optical integrator 16 is a first condenser optical system 18 and a slit plate 20. With reference now 
also to FIG. 3. the latter includes an arcuate aperture 20A having a width 20W and a cord 20C Adjacent slit plate 20 
is a condenser optical system 22 and a mask 24. 

[0006] Mercury lamp 12 generates a light beam 26 .which is condensed by elliptical mirror 14 onto incident surface 
161 of optical integrator 16. By virtue of having two different focal lengths, optical integrator 16 causes light beam 26 
passing therethrough, to have different numerical apertures in orthogonal directions to the beam (e g . in the plane and 
out o the plane of the paper, as viewed in FIG. 1). Light beam 26 is then condensed by pondenser optical system 18 
and Illuminates slit plate 20 and arcuate aperture 20A. Light beam 26 then passes therethrough and is incident con- 
denser optical system 22, which condenses the light beam to uniformly illuminate a portion of mask 24 
[0007] With continuing reference to FIG. 3, a rectangular-shaped region 28 on slit plate 20 is illuminated so that at 
least arcuate aperture 20A is irradiated. Thus, light beam 26 is transformed from a rectangular cross-section beam to 
an arcuate illumination beam, corresponding to aperture 20A. Note that aperture 20A passes only a small part of the 
beam incident slit plate 20. . 
[0008] Generally, arcuate cord 20C is made long to increase the size of the exposure field on the wafer. In addition 
arcuate slit width 20W is set comparatively narrow to correspond to the corrected region of the projection optfcal system 
used in combination with illumination system 1 0. The illumination efficiency is determined by the ratio of surface area 
of arcuate aperture 20A to rectangular-shaped region 28. This ratio is small for illumination system 1 0. an Indication 
that the system ,s very inefficient, which is disadvantageous. As a result, the amount of light reaching mask 24 is fixed 
at a rela ive y low level. Since the time of exposure of mask 24 is inversely proportional to the amount of light (i e 
intensity) at the mask (i.e.. the more intense the light, the shorter the exposure time), the scanning speed of the mask 
so W^ghp^'^ """^^ exposure apparatus' ability to process an increasingly large number of wafers (e.g.. to increase 

Summary of the Invention 
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[0009] The present invention relates to an illumination system capable of providing uniform illumination, and more 
particularly relates to an exposure apparatus incorporating the illumination system, and a semiconductor device man- 
ufactunng method using same. 

[0010] Accordingly, the present invention has the goals of providing an illumination system capable of supporting 
higher throughput with an illumination efficiency markedly higher than heretofore obtained. Another goal is to rraintain 
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uniform iHumfnation (e.g.. uniform Kohler illumination) 

- uniformly illuminating a'Lsk wtthl^ w^vX^h^ (^-^^^^ '"^^'^'^ °' ^^^'^^^-V 

manufacturing%emicond.ctor de^es uS^^^ " "^^"^ ^"^y^' '"^^^ t° P^-ide a method for 

section of an asohericl r^fl^.^;: :rjr ^^"1^.?!-^ ^."'^ '°" °' ^ '^^-^^^9 surface or an off -axis 

the arcuate iiiuminatl field in an cv^;^^^^^^^^^ "'"^^'^ ^^^^'^ to ii.uminate the surface over 

fyZcoU^i:e"s^Tnl^e::r^^^^ 

^0 substantially coincides with the mu«ipfe light lourle images ^"'^^ P-"^ 

Sd reliSeTrnl^t'g^^^^^^^^^^ ^^^^^"^^ ^"^^ ^^P^'^'"^ ^ 

has a rectangular shape and a preJe ermlned ™i rtn r J^"!!"*"" ^^'^ °' °P«<=^' elements 

Of a sphericaTor aspherical refle'cle suXe^^^^^^^^ and secondTf T f " ''"'^^""'^ ^" 
such that the multiple light source imagerare!™?^ opposingly arranged 

is incident the first reflecting elemem group ""'^'"^ °' "'^"^^"^^ ^^^^ «9ht beam 

'-^^^ °' ^ ^ p^-sen. 

. above, a mask stage capable o' suppoZ thi mS^^^^ T''"'"' "'"-^ination system as described 

of supporting the pLosensilK^e subTrat A proTectto^^^^^ ^ '"'^'^^'^ ^^^^e capable 

substrate stage, and is designed so as to oroiec i nr!^ T 7 ^"^"^^'^ ^^^'^ ^^^9^ the 

S dCs gl?Zr o s^^^^^^^^^^^^ - t-''^^^ above, and further including drive ap- 

5 system. synchronously move the mask stage and the wafer stage relative to the projecUon optical 

fn":ia'rv:r~^^^ 

second variable aperture stop having r^ecid vaSLt d'S^Tf J f ^"^^^^ '"'='"des a 

connected to the fi^t and second SL^ertur^Itno! 1 T ^""^ ^^^^^^^ operatively 

' diameters, respectively A c^ntraraTara LTlTn T'^ 'k^^^ '° ^° "'^^^ ^« 3"^^ ss'^ond variable 

to the first andLcond drte un s s?S o S^^^^^^^^ "^^^^^^'^^ ^'^^^^'^^''^ -""-^^^ 

diameters. ^''^ coherence factor by vary.ng the first and second variable aperture 

s on^rs^rtrr^r.^^^^^^^^^ L?mrdutorS:- ^ rr " ^ -^^"^^^-^^^ ^ 

an illumination light beam. The next i e sLonTsten r? T ^-^ '=°mprising the steps of first, providing 
of arcuate light beams correspondhg to ararcul^l^^^^^^^^^ d,vd.ng the illumination light beam into a plurality 

light beams onto the mask over the ar^uateTsh^^^^^^^^ '''' ^-te 

onto the photosensitive substrate The oresLt m^tJoH kk f u ^' ^'^P P^°J«<=«"9 "9ht from the mask 

second step, of first reflectingThe ijht IZIZ^tst T^^^^^^ ''''' " ntioned 

and a reflecting surface having an eccentric^urlaTure ^n^^^^^^ "ITT ^^"^ '^^'"^ ^" ^^="ate shape 

reflecting light from the plurality of light so" rce^acl ' !"thl ^ ^ °' '""''^^ '^S"^' ^^""d. 

relative to the first array'of reflLir^g'lments ' ^^"^^ ^"""^^'"^ "'"'"""^^ °PP°^'"9'V arranged 
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Brief Description of the Drawings 
[0020] 

FIG. 1 is a schematic optical diagram of a prior art illumination system; 
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FIG. 2 is a close-up perspective view of the optical Integrator of the prior art illumination system of FIG. 1; 

TeSon IVpSS*"' ''""^ '^''^'^ °' ■ ^"'^ ^•^^ rectangular illumination 

FIG. 4 is a schematic diagram of the exposure apparatus according to a first embodiment of the present invention; 
FIG. 5 Is a front view of the reflecting element group shown in FIG. 4; 

^||..|,d«P'°«=. «'^^_X.Z plane geometry associated with the reflecting elements in the reflecting element group of 
FIG. 7 depicts the YlZ plane geometry associated with the reflecting elements in the reflecting element group of 

e;^os'u?rlTa;atus''oTFia'ir"'*^ °" "^^'^ 

FIG.9isaclose-upoftheexposure apparatus of FIG.4showingthereflectlngaction of the reflecting element group; 

FIG. 10 depicts the X-Y plane geometry associated with a reflecting element in the reflecting element orouo of 
FIG. 5 when the reflecting element is aspherical; • eiemeni group of 

rie aXS ^'^ ^'^^ ^'"""'"^ associated with the arcuate illumination field when the reflecting elements 

FIG^12 is a close-up view of the condenser optical system of the exposure apparatus of FIG 4 with an asoherical 
condenser m.rror showing the reflecting action associated with the creation of secondary light sources 

FIG. 13 is a schematic diagram of the exposure apparatus according to a second embodiment of the present 
invention, which includes an optical integrator having two reflecting element groups; ^ 

FIG. 14 is a front view of the first reflecting element group of the exposure apparatus of FIG. 13; 

FIG. 15 is a front view of the second reflecting element group of the exposure apparatus of FIG. 13; 

glouj "of n'a 1 r ^'^ '""""''"3 "'""^'"^^ ''''' 

gloup'If ^£'14? ''"""'"^ ""'^ '''^"^ ^^"^^^'"9 -fl-'^t'ng «'«n^ent 

FIG. 18 depicts the geometry associated with the reflecting elements in the second reflecting element group of 

FIG. 19 depicts the geometry associated with the reflecting elements in the second reflecting element group of 
r^^:^:::::=^ °' - - - ^econd 

:;^cj;:~drc";^^^^^^^^^^^^^^^ 

FIG. 22 is a front view of an alternate embodiment of the first reflecting element group of the present invention; 
FIG. 23 is a front view of an alternate embodiment of the second reflecting element group of the present invention; 
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FIG, 24 is a perspective schematic illustration of the refffieellecXing action associated with a single column of the first 
and second reflecting element groups shown in FIGS. 2;S 22 and 23, respectively: 

FIG 25 is a first alternate embodiment of the exposure & s apparatus of FIG. 4, further including a vacuum chamber 
a light source unit and variable aperture stop; 

FIG.26 is a second alternate embodiment of the exposuusssure apparatus of FIG. 4, further including a turret plate in 
place of the first variable aperture stop, and an adjustab'd&ble light beam converting unit; 

FIG.27 is a perspactiYe ylew of tfia aperture turret pJate ' © e of the exposure apparatus of FIG. 26; 

integ^tor^ ^'^'^'^ alternate embodiment of the exposure g»e apparatus oi FIG. 4, further including an auxiliary optical 

FIG. 29 is a front view of the first auxiliary reflecting elemeafrnent group in the auxiliary optical integrator of the exoosure 
apparatus of FIG. 28; 

FIG. 30 IS a front view of the second auxiliary reflectin^n ? "9 element group in the auxiliary optical inteqrator of the 
exposure apparatus of FIG. 28; >- a 

FIG. 31 is afourth alternate embodiment of the exposure afi^ apparatus of FIG. 4, wherein the function of the condenser 
mirror is combined into the second reflecting element grc?iBroup of the optical integrator; and 

FIG. 32 is a fifth alternate embodiment of the exposure afi ^ apparatus of FIG. 4, further including a subchamber with 
a filter for passing X-rays and not dust particles. 

Detailed Description of the Invention 

[0021] The present invention relates to an illumination syst )2\-/stem capable of providing uniform Illumination, and more 
particularly relates to an exposure apparatus incorporating the* the illumination system, and a semiconductor device man- 
ufactunng method using same. 

J^'^^ reference to FIGS 4 and 5. exposure apparatusKtatus 50 comprises, along an optical axis Ac, a light source 
54 Which supplies light of wavelength X < 200nm. A preferreST^red light source is a laser, such as an ArF excimer laser 
supplying light of wavelength X= 1 93 nm, or an laser supplygylc^lying light of wavelength X = 1 57. Alternatively, light source 
t)4 may be an X-ray radiating apparatus such as a laser plasr<i2^sma X-ray source radiating X-rays of wavelength X = 10 - 
15 nm or X - S - 20 nm, a synchrotron generating apparatus sljjs radiating light of wavelength X=10-I5nm X = 5-20 
nm and the like. c , 

£°^^-^ ^„ k'^^"^"^^ apparatus 50 further comprises an optical lB=al integrator (i.e., a multiple light source forming system) 
so. ught beam 100 from light source 54 is directed to opticjatotical integrator 56. Optical integrator 56 is disposed in a 
predetermined position to receive light beam 100. Optical integfis^egratorSe comprises a reflecting element group 60 having 
a plurality of reflecting elements E (FIG. 5) arranged two^limeni' ■ imensionally in dense formation (i.e.. in an array) along a 
predetermined first reference plane P, parallel to the Y-Z plarfiBl • lane. Specifically, as shown in FIG. 5, reflecting elements 
b nave reflecting curved surfaces with an arcuate shape (proOicprofile). In a preferred embodiment, reflecting elements E 
are arranged in a number of columns 62 (e.g., five columns, a^ .s. as shown) arranged along the Y-directlon. Each column 
h°l!l^t'f ^ ^ ^ °' reflecting elements E arranged alongncang the Z-direction. Furthermore, columns 62 are designed 
sucn that together they roughly form a circular shape. The ai« s arcuate shape of reflecting elements E is similar to the 
Shape of the arcuate illumination field foimed on the mask, as » as discussed further below 

[0024] With reference now to FIGS. 6 and 7, each reflecting e 6^9 element E comprises an arcuate section, removed from 
an optical axis Ag- of a reflecting curved surface S of radius of to s of cun^ature Rg. Surface S is centered on optical axis Ap 
and has an apex O^. Further, arcuate reflecting element E hasS^ has a center Cg removed from optical axis Ag by a heigh 
nt. Accordingly, each reflecting element E comprises an eccena''9=entric reflecting surface RSg which is a section of reflecting 
curved surface S. Reflecting surface RSg is the effective reflecSJort-flecting region of reflecting element E that reflects light (e 
g.. light beam 100) from light source 54. a \ • 

[0025] With reference again to FIG. 4. exposure apparatus <W^*tus 50 further comprises a condenser optical system 64 
• cc.^'/T^r^^'' ®^ '■^"^^'^ '^°r" optical axis Aq. cO-s- Condenser min-or 66 comprises a section of a spherical 
mirror 66 (dashed line) centered on optical axis Ac and havinge"i'-'in9 a radius of curvature Rc (not shown). Optical axis Ac 
passes mrough the center of a plane located on optical axis «c*xis Ac- However, the focal point (not shown) of condenser 
mirror 66 is located on optical axis Ag. The latter is also paralleflte allel to each optical axis Ag of plurality of optical elements 
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E in optical element group 60. 

[00261 Exposure apparatus 50 further comprises a fold mirror 68 for folding the optical path between eonrionc^r 

optical system 64 and a reflective mask M, and a masic stage MS for movably sSpportinX reLt^^sk^^^ 

a baoks.de M^. and a reflective front side IVIp with a pattern (not shown), such as a circuit p^eTZ^tJ^e Ms i 

r0029] The operation of exposure apparatus 50 is now described with reference to FIGS 4 and fi a ii«Kt k 



th,oush ce„»r of cu,va,u,. 4 of a,4te iJmS n^tr' *' '^""">' 

M, ov„ an arcuate ,Lge MdTp^ w,?, ^i'^'TL^" Z?^/"' ""T T'"' °" "^^ 
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Circuit patterns are transferred ("patterned-) onto surface Wg of wafer W 

[0036] Light beam 100 comprises collimated light beams 100a and 100c comprising wavefronts 105a and in^. 

beams 116a and 116c are condensed by condenser mirror 66 such that they overlap (i e are suDer^mnoSH^^^ h 
obliqueV 'llum.nate front side o1 mask M over arcuate illumination field IF The Z dfrecJ^n f e^ffr/? T 

element E is re-imaged at pupil position P of projection optical system S ' 

lilumination numerical aperture NA = 0 015 at m«<=i. m PMrth«. i ^° ^nm, a wiatn Wjp _ 6 mm. and an 

Which is a section%f reflectinfcuTed alSafsuT^^^^^^^^^ ^^P'"''^^' ^^^'^^=""9 ^^^^ ^"^^ 



EyT^t'hed^rraio^ir^^^^^^ 

ASe y is the distance along the direction of th^ Y-Ss^ram L y ^^S^"*'^' P'^« at apex to the surface 

is the radius of curvature of reference phSicatsuSce s I^d C C r >^ '° ""'f '"^^'^^ 
55 cients. pnencai sunace Sg, and Cg. C4, Cg, Cg and C^o are aspherical surface coeffi- 

x(y) = (y'/R,)/[1 ^ (1 - y2/R,=)°-=j ^ c,y' + C,y^ ^ c,y« + Cgy^ . C.^y^" 
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[0046] An exemplary aspherical reflecting surface ASg has the following parameter values: 

Re= -183.3211 

Cg^ -5,37852 X 10^ 

= ^.67282 X 10'^ 

Cg = -2.11339 X 10""*° 

Cq = 5,71431 X 10"^^ 

C,Q = -5,18051 X 10*""* 

£inh? . ^^""i reflecting element E in reflecting element group 60 has a reflecting cross-sectional shape that interposes 
sy^erso^^^^^^^^^^ 

/ino ' "^^^ ^etv^een ends IF^ and IF^ of arcuate illumination field IF at an arc open 

5.25 mm. and height is approximately 5.415 mm. vjAiinaieiy 
[0048] In this case, plurality of light source images I (FIG. 10) fomied by reflecting element E are formed at a position 
axially removed from apex O, by X, = 76.56 mm, with height y = 5.25 mm from the center diameter aTc 1 30 fnS T) 
The posrtion of igh source images I in a direction perpendicular to optical axis Ag is removed by y, = 5 085 mm from 

Toor^^'T' rf r "^l' ""'^ = 5.4?5 mm from the outer diameriF 

[0049] Thus, a satisfactoT. reflecting element group 60 (FIG. 5) can be constituted by arranging, in columns a p urality 
of eccentric aspherical reflecting elements E having the above dimensions ^ ^ 

o?nnn «n ^ ^''^T'^ '^^"denser mirror 66 in condenser optical system 64. for the case where reflecting element 
f^Z wTT ' P'"^^"^ °' -P*^-'-' -fleeting elements E having the above dimensions, is dlcus'^d 

ifr!JLtr« T ^ <=°'"P"^^^- ^ P^^'^^-d embodiment, a section ARs!' 

of eflectn/e an aspherical surface ASc with associated reference spherical surface Sc having a common apex ct 

Tlfne p" at'forx o 7 r"^ ^T'T' °' "^^ ^'^'^ ^'-'^''^^ perpendicular to rtangen«al 
plane P r at apex Oc (optical axis Ac is the X-axis). The Y-axis is the direction parallel to tangential plane PV at apex 
Oc- The origin of the X-Y coordinate system is apex h =«> ■« r- j ai apex 

[00S2] Reflecting aspherical surface ASc associated with condenser mirror 66 is described by the expression for an 
asphencal surface below, wherein x(y) is the distance along the direction of the X-axis (optical L Ac) f ror^ tangentS 

C4, Cfi. Cg and are asphencal surface coefficients. ^ 

. x(y) = (y^/R^)/tl (1 - y^/R^2)°-^, ^ c,y^ ^ C,y^ ^ ^ 0,^' 

[0053] Specific numerical values for the present example are as follows: 

Rc = -3518.74523 

0^ = -3.64753 X 10*^ 
C4 =-1.71519 X 10"''^ 
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06=1.03873 X 10*^^ 

Cg=-3.84891 X 10'^° 
C,o= 5.12369 X 10'^^ 



s nation field IF is formed by condenserS 66 «t « r T ^^'^v^rg.ng light beams 116. Arcuate illumi- 

PV) and approximately y^ = ofZ I'm XfaSs't " ' ^ ' '^^'^ °^ ^'^^ 

i^'^U'Tcob^^^^^^^^ — -ving a uniform ii.umination intensity 

[0OS7] In a preferred embodiment of the present invention, condition (2) below, is satisfied: 

0.01<|fp/fJ<0.5 ^2) 

uniform arcuate illuminatirn fie'dTp ^^3^ JsTnce strfno 1'! ^ ^^ff'-" to form a 

64. On the other hand, if IW falls betowfhe lowJ Tr^it L ^ T Tl ^^"^'^'^^ condenser optical system 
64 increases excessively, the resuirt^^ thH Jm ? ,t ""^^ °' condenser optical system 

increase in size excessively Thi: makerrie'tt ^I'll^^^^ condenser optical system (e.g.. condenser mirror 66) 
power is given to each reflecting element E """"P^"' 'Hum.nation system when the appropriate 

srriatu^e^/::^,'!:^^^^ 

sponding condenser mirror 66 with a radius of cu^aturl^ - 'sTl fr^S mrr!^' ^ f 'n ^ 

mm (fc = -Rc/2). Accordingly, "fvaiure He - 3518.74523 mm. reference focal length fc = 1759.3726 

Ifp/fcl = 0.052. 

S^flo^'Sral^^^^^^^^^^^ ^ --P-t^ const.uted while maintaining a 

integ^tor comprises two reflecting element gltpt/L ^c^^^^^ '^"'"'"^ 

Sn ":t:m 50™4 ^exc^S^^^^^^^^ ^^l^^ «V ^« components as illu- 

50 of FIG. 4. comprises first and seconropplS^^^^^^^^ '° '"^"9'^*°^ ^^^t^"^ 

element group 220a is constituted so that a S P S^of 1^^^^^^^ 220a and 220b. First reflecting 

arranged in two dimensions alonq a oredaten^^n^H r reflectrng elements E, (not shown in FIG. 13) are densely 
Specifically, w-th reference to FIG 1 4 fifsTrX'no^^^^^^^ ion ' -^'r""' "^'""^^ ^» P^^^"^' '° 

each having an arcuate cun,ed efltSnTsuSc^a ^^^^^^ 

reflecting element group 60. ' ^''^9^^ descnbed above in connection with elements E of 

[0063] With reference now also to FIGS 16 anH 17 ^=,.1, 

has an arcuate shape (profile) of one part ofTrefierno T""^"' ^"''''^^'"S 9^°"P 220a 

eccentricfromopticalaxrsAe, center cfof lrcuS^^^ "^f;' -^^ °' °' ^ ^^^ion 

A,,. According^., the eccentric reflecting Surface RS ofS LTT ' f '"'^'^^ °P««1 axis 

cung sunace HSg, of each reflecting element E,. as shown in FIGS. 16 and 17. 
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axis Ae, in a direction pllpendicular to foca^X p^lZ T 7 ^ ^"'""^^^ OP"'^-' 

I J in a preferred embodiment of the present invention, condition (3). below, is satisfied: 

10 ^1 (3) 

S e"X:S^;° ^.l^^rr^^^^ ^ P-^y of second re- 

plane) P, parallel to the Y-Z plane. Specffic^ s^Snd reflt^^^^^^ P'^"^ (^^'^^"'^ ^«'e^«nce 

elements E, having reflecting curved sur^^ces S h^v^f rectal f ^ ^'"^^'"^ °^ ^««-«'"9 

group 220b has along the Y-dlrection a pluraTft. of ool^Z 26?S? fJ Second reflecting element 

second reflecting elements arranged in a raw alonor. J nf ^r^' ' I L^^ ^^'^^ "comprising a plurality of 

Kw X^rn^ot ctjeZ^^^^^^^^^^ — -up 220b is arranged 

group 220a. ponaence. each of first reflecting elements E, comprising first reflecting element 

[006S] With reference now to FIGS taanHia « 

rectangularproflle (outline) that is one art^a reCc^ngl^rd'surfT"^^ " ^""^^^^ "^^a having a 

-ncluding optical axis A^. Accordingly, reflecting eleS E^^^ TIT ^, ^'^"""^ °' ^ ^^S^o" 

coincides wrth optical axis A^,. Accordingly reTcS^ suSce rJ '^^^T' T""^''' ^"'^ ^ ""^^^ ^•''^h 
centric spherical mirror with r?dius of curC^aluIe R ^^"^ '^"^"""^ ^'^"^^"^ ^2 comprisel a con- 

[0069J With reference again to FIG 13 «/auofr«^o inc ■ u 

obliquely from a predetermined deletion a^ar?s^it bv^l?e^^^^ 7 ^^"^^""^ 9^°"P 220a 

ments by the reflecting action of plurali^ of reflectiSa elelnl p''^^^ """^'^"^ ^^^P-* -9" 

. (not shown) at plane (second reference pfanrpt Sjle^^^^^^^^^ v%^' ^^VT ^ '''"^^'"^ °' "9^^ =0"^^=^ 'mages I 
The number of light source images I corresponds to Z nu^^^^^ f '""'^^"^ "^^^ '^^^'^ 

group 220b is arranged in plane °' reflecting elements E,. Second reflecting element 

reflecting element group 220a Accordinolv selnnH 1« . ^, ^ ^ ^'^^ *°^med in plane by first 

effectively utilize light supplied f7or^ , gSu^^^^^^^^^ In ISr ' w"'"* ^= ^ "^"^ mirror groupTo 

[0071] Wrth continuing reference to FIG 1*5 r^i,.r^K*^. * r 

group 220b fomis a plurality of light beams iVSte ' • ^^"^""^ ^^"^''""g element 

focal point position (not shown) of condenser mi ror 6fi i n a radius curvature F^. The 

cun^ature of condenser mirror 66 existTat th^celr^^^^ with secondary light source plane P,. Center of 

reflecting element group 220b (i.e.. the pol^Jn herein oS^^^ f "^^^ '■'"^9es I fomied on second 

element group 220b). " ^ Pl^ne Pb intersect, or the center of reflective 

second reflective element group 220b. More paTuir^L^^ ^^"^ '^''^*=""9 °Pti«=a' element in 

ments E, is preferably inclined at half thrangHSnce of STb "'?^ ^^"^^""^ optical lle- 

[0073] With continuing reference to FIG 1 3 Lht hof °''''q"e'y 'mpmging light beam, 

and condensed by condenser mirror 66 thereb^on^ n^n^gh tlZs^TulT ' ^^^^ ^^"^'^^ 

-lluminate. in a superimposed manner, front side M of rSlu J o, ^ ^^""^ ^ '"^^^ t° ^^'^"ately 

With apparatus 50 of FIG. 4. may be used asTdel'c^nrmLr ^ 7""' ^'^'^"^'"^ connection 

FIG. 8. arcuate illumination field IF is formed ti n^^^sTw Zn J w "'"I"^' """^ ^^'^^^"'^^ ^9ain also to 
curvature 0,p of arcuate illumination field IF exi^s on ootfcT/v ''""^ ^ °' "^'^ Center of 

13 is temporariV eliminated, arcuate illuminSTfie^ lF ? ^^^^^^ ' % " "^''^^ ^^^^-^ ^00 of FIG. 

Illumination field IF exists on optical axis Ac. ^' ^""^ °' curvature 0,f of arcuate 

[0074] With continuing reference to FIG 13 oDtirai 

However, if optical axis Ac were defiected 90- bv hvoltS.^f . <=°"'^e"ser optical system 64 is not deflected 90». 
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cordingly. as with exposure apparatus 50 of FIG. 4. condenser optical system 64 and projection optical system 76 of 

o^r:;l1E™^ 
StH^^^forn^ra^^^^ 

shown^see FiG. 4). Wafer surface is coated with photoresist ani thus sen,l as a photS^n^^ onto 

7^^^ TT '"""T-:'^ "''""'"'^ '"^P^^ ""^9^ °' "^^"^ ^- P^°i-<^'-^ transferred '° 
K?Sn„o discussed above .n connection with exposure apparatus SO of FIG. 4, masic stage MS and substrate staae 

^irZJt To"n^'" ^^^°«'^) V''^ '"^-k -t^ge d^ive system 72 and wafer 

stage dnye systern 92,pwe systera.s ^2 arid 92 are controlled by control system 74 in a manner tLt I^/l^hl 
mask pattern on mask M to be scanned and exposed onto wafer surface wIThrough pToTection^^^^^^ 
Consequently satisfactory semiconductor devices can be manufactured, since satisfactory circuS Sttems are t-n!' 

ZZ"'": ^ ' P^^°*°'«hography process that manufactures semiconductor devLr ' " 
Se^sc:^^^ 

[0078] Reflecting elements E,, and E„ are arranged along first reference plane at a position substantiallv onf ir^iiu 
JSabTml M '"^T" °' ^''^''"3 '"^^"^ '^^^"^ °' E,, . Arcuate light beards To8a and 

reflecting element groups 220a and 220b is the same as described above for reflecting elernents E fnH P " 

E f nl clL^ '^"^'"^ P'^^^"' described above, reflecting elements E and 

Eg and condenser mirror 66 are eccentric spherical surfaeac! Hn«,o,/or th»^» u '"^^^"'s t, and 

to Pin o-i . « upiicai axes /\q and Ap are orthogona . However with referenrp 

(ooesi Next, a preWd enfcdimen. of ,he second mod, for oariylng out me p,e8e„, Invention ie explained with 
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l^nZ'!^^!^ ^'°f • ^ P'^^^"* P'®'«T«d embodiment, the illumination efficiency of first and second 

^ori^tTd-Sb^^^^^^^^ ^ — -d secoL renX e^eTnt 

[0086] With reference to FIG. 22. first reflecting element group 360a has. along the Y-direction three column, r 
Z^alT ""^'^""^ '^^'"^ ^ ^^'^"^'^ P-"'^ --gad in a ro^^e! sScVe^long^^^^^^ 

E°^Z.dT^lP^ element colurms Ge„ - G^ia each comprise a plurality of reflecting elements E„ - E, E 
e^^eTtsfh^^?e'in^^;;eX^^^ 

Z-axis and traversing.the cInTof thel^lp?;^^^^^^^^^^ ^''^"^ '^''^""'^ ^ '^3 oriented parallel to the 

[0089] First and second reflecting element groups 360a and 360b are opposingly arranaed as da,rrih«H =.k 
connection with apparatus 200 and first and second reflecting element groups 22oraTd'22ib (se^^^^^^ 

by each reflecting element E„ - E of t^ld r!f£Z . , ' "9^* ''"ages I are condensed 

surfaces of reflecting elemenirE, i^^t^irliXtp ""^^'"^ ^^^^^^ ^ ^« 

the top of second column of first subarouo G ThTol^^ . / J reflecting element Eg from 

o^ical axis (not shown) of elch re^eSnl^ sTgtuTC r^ .TSotr 

^Tapp^^s^:^arbr:nror^^^^ 

third re«ec«ng eler^ent column G,,3 and thlrd^suCu 1^s^rTjll°:t^^^^^^^ 
source images I, I,. etc.. are not eas y obLu'S by\he pS^^^^^^ 

compared to the configuration of the first and seconrt . reflecting elements, as 

[0096] ,n the above'first and second miesfo^^^^^^ ^'"f T""""' 9^°"^^ 220a and 220b. 

element group 60. and reflecting element E o r.f Z^^L ^ ' o''^""°"" '^^^"^"^ ^ °' ^^^^'^^'^S 

having reflective surfaces RSrand rLpecti^S^^^^^^^^^ ^ (°"«'"«) 

tively. consequently. constraiL fSsS^^^^ ■ respec- 

eccentric reflecting elements This is because ^Zrr.Zt ^ Tu ^'^"'^^^""y ^^'^^d as compared to non- 
image height (i.e..'a certain distance f^rthe opt^ar^^^^ ActoSnoKT ^ 
ments in the first reflecting element grou^can be sS L^ntL ^T^Tf^' ^"f generated by the reflecting ele- 
[0097] Aberrations generated by crdense?opticS^^;^^^^^^^ 7" TT ^T'' 

by configuring the condenser optical system as an ecSr^,^^ ^ \ ^ ^ ^" sufficiently controlled 

obtainedsynergis«cal^. FurtheLre conr-er 'X. s^^^^^^^ '^'^'^^^^ '° 

mirror 66). or a plurality of such mirrors. ^ compnse one eccentnc mirror (e.g., condenser 
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£?ri«n,.ro ''""^ ^'^"^^"^ 9'°"P^ ^® P^^^«"« '"v^^tio" be moved by a small amount inds 

?X.tinl ^ ""l" ^ P^^^'^*^^ («-3-. axially or orthogonal thereto). MematLlyTrstTd ^cond 

^!ml?.?n?"''' ""^^ Sf '^Tu '""^^^ ^^^^^ *hat at least one of the fir^t reflecting element group and seeing reflecSa 

s ttrJaSurnlnTntld^^ ' h " "^''^ ^-^^ i"umination'^tensTdit bSn 

tne arcuate ilumination field IF formed on front side Mp or wafer W (photosensitive substrate) to be adiusted In JZmL^ 

(2). discussed above " °^ °* ^"'^ condenser optical system 64 satisfy condition 

[01 00] In addition, the above modes for carrying out the present invention included optical intearators 56 oon =.nH 

Sl^H F"'«;e™0'., in Ihe present invention, lira and second .enacting element groups 220a and 220b and and 
Jfd. ^' ^ "^P""" ■= "="^9 P'"«'1>V ol enacting etem°nts E and^ 

as tl,ose in ex,»su?a apparaTs 50 ^ RG 4 are asstJtadT.i.™ ^""''"'f" >'^^^ <"'>«ion 

in a ^e,„™d e*od A ,gh, in *e e^ x'-L":gin„roX~ 

^^^^^^ 

gaseous matter'U^ns to a low^llergy stltr ' "'^^'^"^^^^ "^^^ 

sirry^coCTcid's c"nS:u ^^^^^^^^ r 'T' ^^-"^ 

41 8 to reflect EUV light 41 9 The reflected EUV rh Li o '7^°^'^ °" ^^e inner surface 41 83 of elliptical mirror 
418 and then proceeds to a coNimX mto^Jsf^^^^ L TTT"" ^ ""'"^ °' ""'P"'^^' 

rriirror 422 is positioned such thaT meS potf f^ot Iho^^^^ concave and may be paraboloidal. Collimating 

elllDtical mirror 41 n A rr.,.,,u2. r, P°'"' shown) thereof nearly coincides with second focal point 420 of 

4?9 SnXnlt o t T''^^^^' "'^ P^^^'^'^'^ the inner surface 422S of collimating mirror 422 to reflect EUV liah 

s s'em lS so"^^^^^^^ ITth:?ond ^'"^'''^n "'T '"''^^"^ 422 constitute a cJ^de'ler op fa 

A EUV PrThf ri Q ?!,. condenser optical system constitute a light source unit LSU with optical axes A and 

^Oin'anS; S^^^^^^ 

and second rioting elem^gror ^^^2^0^^^^^^^^^^^ — ^ - 

[0107] Exposure apparatus 400 further includes a first variable aperture stop ASl'provided at the position of the 
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■ lelllX^::'^r^^^^ ^22 includes a wavefront 430 .hat is sp.H by first 

above, -^e Plurality of refl^ctfnr^em^ "'9'^* (n°t shown), as discussed 

the location of the plurality of ^ght rurcTiScIs ul^^^^^ 7T ^« ^''='"'ty of 

group 220b substantially acts as fi^d m1rror?!n tI ^ "^^^'"^ ^ reflecting element 

' images as secondary .Lhrsou^cVsTor^T^^^^^^^^^ ^.^"""^ °' — 

a plurality of light beams) from the seconin/ JS^t LoLn^^^^^ Ughtbeam 432 (comprising 

mirror 66 positfoned such that the seconitttsou^^^^^^^ r ' ^° ^° '^^"^^"--r 

mirror Light beam 432 is reflected anTcon^eSld ""^"^ °' '"'^^l P°'"» °^ '^e condenser 

68. A mu?ilayer film that rS^S EUV Ug^^^^^^^^^^^^^^ ^ntr; sTo f conTe' ''"^'=^1 '° ""^'^ ^ 
mirror 68. Condenser mirror 66 condenses EUV H^t iTnht h . ^ ^"d surface 68S of fold 
illumination field on front side M, of mask M ^ ^ ^^P^^'^'P^^^'^ "^^"^-i forming an arcuate 

tEn Is^eTeS^mS M^t braS43: T^lT °^ ^^^^ 

onto wafer W as the photosensLe substrate ' ' 'y^'"'" ^'^''^^ "^^9^^ '"^^'^ ^ 

raZf llg^rbYa^sIC^^^^^^^^^^ 'V' '^"^^'^''^ '° ^'^^"^"^ ^P^-'^ °P«ca. 

optical system 76. In this case. thelluLTop svsS^^ 434 reflected by the mask that proceeds to projection 

telecentric on the mask M side. Prc^ecrn StsTe^ys^^^^^^^^^ '^'''"^ 
vided on the rejecting surfaces of tie fou^ Sir r^^d'ofe^^alt^^^^^^^^^ -"^^^ "^^^ P- 

Se ar^s,; ^A^K^a^rS^^^^^^^^ 7^' P^-" ^ - thereof. A second 

reflecting surface of mirror 78C or In Ihe Sy thereof ^ec^nHv P^"^''^^^ the 

varia.eaperture.thediame.erof.ich.^ 

Srringr raLmi;^fL"7it?^^^^^ ^° ^^^^ ^ ^ - 

of projection optical system 76 by varying tSe lvalue r^^n.l^^^^^ h ^ ^'"^ ""T' '''P'^ °' '^"^ ^^^^ 
conditions of each wafer W sequential" mounter^n wafe^^^^^^^^^ *° ^^P— 

transport map and the like that includes exposure infor^StonT and^^ m T ^^^'^^ 

sequentially mounted on mask stage MS is ^nouf tr^^n rn^; . .!^? information of each type of mask M 
console electrically connected therJo ContX^rius^^^^^^^ '^P'' '"P"* ^PP^^^»"= as a 

terns DR1 and DR2. Based on the L^ZcrZ^iTu^ electrically connected to first and second drive sys- 

substrate stage WS control apparaCsMCuZIl T^'u ^P^^"^'"" ^^'^^ ''"'"^ ^ '^'^^ ^ is mounted on 

detemiines th^t it is nece sa^To ^nrX^ ^f^^!^^^^ ^° '^.^^"9- - -lue. If control apparatus MCU 
DR1 and DR2. to vary at least one aperture Imi: ^ therefrom to at least one of tWo drive systems 

aperture stop AS2. cS^^sequ" ^t^e 'a^Xri^^^^^^^ =.»°P — "d variable 

light intensity distribution at a pupH position of nr^ P^tS^ T f achieved under various exposure conditions. The 
Changing system including JrsT^^'KeapeiSSCASl^T^^^^^^^^^ ^nf '''T' """^ 

and DR2. aperture stop ASl , second variable aperture stop AS2 and drive systems DR1 
[0114] With continuing reference to FIG 25 it is orpfprahio in f>,-, « 

422 With a collimating mirror having a differenUocal fen^^S^^l Jonr T ^o replace collimating mirror 

aperture stop AS 1 . As a result, the diameteTorm v hS^'k^ To . ^'^'"^ ^P®''"'^ °' variable 

accordance with the size of the openin^i v^^^e f^^^^^^^ ^° '^^^'^^e^ in 

a vaK^e is enabled while maintaining a hi^^l^r^^Ton Scrnr '"^^ "'-ination at an appropriate 
10115] The light illumination intensity distribution on msik M or »a/ « 

form, in the sense that it is biased. In ihis case th^ biaTct l^o ^ ? ^'"'^'"'^ ^"^^^'^^ ^ '"^y ''^ 
traversing reflecting element group 220a For ex^p,rb?lkin ° if "^^""^ "^'^ ^^8 eccentric prior to 
the light illumination intensity Lribution ca^bt c^rected Z^Z '"^'^'^ '''^^ °f 

in the lateral X-direction of L arcuate ImSiatirfS^F/rrTn . ' " '""^^'^^ °' '"^""^"^ distribution occurs 
bias can be corrected by moving collimat nTm ror^2 L he JS 'TSTe^^ T '''' °' ^'^^ 

nation fleld IF at the center pa.and per.^he.1 Partli^s in';^:^^ ^^^^^^ 
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roiTS^"^!r^2n?^?''T '"'^^^^ ^22 in the same direction. 

[0716] When varying at least one aperture diameter amonq first variable aoerture stoo A«? 1 =nw ^ ■ ... 

«»en, japes an. =.a. Tu„., P^,/;i/r/Jrel ^Z^l^i^^'' °' " 

in and out light beam 428. Control appara^^^^^ converting unit 460 

460a and 4lob h annular .igh^e JnTonvertIng u^^^^^^^^^ ''^"""^ ^^"^'^♦'"^ 

illumination- and -second no^L "rilS^-'hate di^^ '""^ '"'^"^ ^"^^^^^^"^ '^'-^ — 

[0128] For example, if control apparatus MCU selects first nom,aI illumination,' control apparatus MCU rotates turret 
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[01301 — A fcj^i I . . - i^r r- / 



;428 can be changed in response to the size of th« rZZ^,! ir , u, ' ^^^'^ diameter of light beam 

circular regions (aperture slop 456d) '^"'"'^ '""minaLon- are dielriSuled in four 

of second reflective element oroun p?nh if - °' secondary light sources formed on exit side 220be 

turret piSe 452^*^^^^^^^^ slThll '""f ' '""'^'■naticn" is selected, control apparatus MCU rotates 

fight sources forme^rexrt s^iT20be of second 1?'. ' f °' 
is selected, control appaSus Mc J?^^^^^^^^ " ^P^^'^' illumination" 

exit Side 220be of second reflective elemlnHroun^^^^^^^ °' "^^^ ^^^'"-d °" 

[0135] (f one among the above four aperture stoos 456a AF^Rr^ afr^ • ..... 

apparatus MCU simultaneously changes, as needTd thl aoer^frt d^^^^^^^ h ' J" ''"^"^ 

optical system 76 via second drive system D^i^ ^"^''"'^ '*°P in projection 

IS D^anT^trtr "4Te :p:rar 's ^^2^TT' ^'"^ ^^'^^ 

performed as described below. ^"""'^^ "9^» ''^^"^ converting unit 460 IS 

s,,r,r::irn?rx;~7^^^^^ 

is efficleraly gaided lo lire opening o( one ss^u^sl^lZ^J^^^ ! " "S"' l»an) 42a-) 

^TaLerSg:-~rri^£;~ 

a. a p„pii pos.. o, projecion ^V.^ SrS^X^irrS'^n^SiT^r'S^^^ 
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turret plate 452 having plurality of aperture stops 456a-456f. second variable aperture stop AS2 annular linht h««r., 
converting unit 460 and three drive systems DR1, DR2 and DR3 ^^^"^ 

fnl'^-n ^""^^ °^ ^ ^^'^'^'^ ^*°P^ - h^v*"9 mutually differing shapes and sizes can b« ^.t 

[0146] First auxiliary reflecting element group 510a comprises a plurality of reflecting elements E /RG . 
ranged on the entrance side 510ae of auxiliary optical intearafor 1 pn PiomL*o " ^ elements bgio^ (FIG. 29) ar- 
similar to the overall shape (outline) of firsWefleSna Snt n ion ''^^'^ Preferably formed in a shape 
integrator 220 fsee FIGS 14 and Jp^ hL! refecting element group 220a arranged on the entrance side of optical 

nea.y s.uare in ^^ape^Now^lhro^ s^^^^^^^^^^ ^-P ^lOa is 

irnsrrsra^s::;:^^ 

iuxSry reflecting eleme^ group 5,0b arranged on the exit side of 

second reflecting eleLnt grou^ ^^^^^^^ ! "T^ '^^f. *° .'"^^ °' ^^''^'^^'^^ ^'^--'^ ^ --Pr-'ng 

e^To^lhXA"^^ 

so tSat it receiv'es all t"e lightfourceTr^ageV ' """'""^ ^^"^^""^ 9-"P ^lOa 

!nr^rorp:sLTors^is°22^^^^^^^^^^ 

numbers being used hereinafter toindiite e^er can hf, 1 r^"' ^"'^ ^2°" ^""^'^ '^^^'^''^^ 

main optical imegrator 220rColeqCeXr^^^^^^ T '"J ^"'^ ^'"""""^ 9^°"P^ °' 

(220b) arranged on the exi side onpS'inte Jaror 22^^^^^^^^^ ^- '"T"' ""''^""^ 2^°*^ 

[0149] Wrth continuing reference to RG ^B^^^^msoZ^^^^ T"^'^. ''"Tk '^'^^ 

» riva. ^o. me ligm source images (not shown) fomied by each of the plurality of 
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[0150] ' 



arcuate image field IF' formed on wa er W c^rhiT "^T^T '""mination field IF fomied on mask M and 

^^^^^^^^^ 

aperture stop AS2 . ---^'^--^''-^^ 76 and th exposition of 

" Se iSnar s^d ^^rsfd '"^^s^i^t r t-^^^^" '-^-^"^ - 

element groups 510a and 510b as a unit If fC^^. , ! "P^""^' '"^^9^*°^ ^10 (i.e.. move reflecting 

integ,Bto?220^re rnade eccerSric in S^;^^^^^^^^^^ T^r:2:Z'\^'°V^^''^^ '"^ ^''^'^^ 
distribution can be corrected and a un 'o7r^ i rur^°naL ^^^^^^^^^^ component of the illumination intensity 

generated by main optical integrator 220 '"'^"""^y distribution can be obtained by the action of coma 

SiiumrnX";^!^^^^ 

^0 510 in the X^irection. In addition tfZSnSon' Zn^^Xn' k f '^"^'^'^ °P''*=^' '""'^9^tor 

width direction of the arcuate ilium natfon rid ?F or Tr^u!^ ^ ^'^ ^T,T '""^ P^^P^^'^' P^^ the 

..ion can be corrected by .ovinTatr^L^TirgSLr^^O i^^^^^ 

Sr'idTmaTc^^^^^^^^^^^ s the z;rrsy:;rrth' "^'^ ^ r:"^^ ^- ' ^^^'-^^'^ ^° ^ 

« system 76 (i.e.. an image of tertary I ght so^es w^^^^^ „1 , T °' f*'^""^ ^"P" °' P^°j^*="°" °P«'=al 
is preferable to move the positionTthe exrouo^^^^^^^ ^ T it 
system, and to coordinarwit^ the p^^^^^^^^ 

moving main optical integrator 220 (irtrretctL °' ^LTT" ^'^^'^P'^- 

stop AS1 as a unit, the telecentricity of If^eHlLmS^^^ i'^^^ f . ^ ^"^V ^"'^ ^P«^"^- 

illumination system is made to coincide Jt^re cente^of^^^^^^^^^ Tl °' '""^ P"P" "^^^^ °' 'f^^ 

if it is not necessary to provide aperture stop AS rit th- 1^ entrance pup.1 of projection optical system 76. However, 
groups 360a (220aTand%60b (220bT::S^ti:;^il7^^^^^^^ —0 element 

Sof t;~?r^: (F.3^26r~ Lve. to matcn the 

« center of the exit pupil image of thelZ nat^Sn I^stem the entrance pupil of projection optical system 76. the 

of projection optical system 76 by ^^0^0 ^^^ ^, ^ ^° ''"'"''"'^ ""'^ ""'^^ °' the entrance pupil 

necesUry to provide aperture stop TsTa^^^^^^^^ ^^^'^ ^^°P 1 as a unit. If it. is not 

360a (22?a) a'nd 360b ?220bTat'prlt£,y mS as "Junr^"'""' "^^^ ''''''''' ^'^"^^"^ ^-"P^ 
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• with light source unit LSU and the exposure aDo/rtJ^c h^l ? It f w 5 exposure apparatus body unit, 

in the floor may occur dueTo for Ixa^L 7brtlS^ln^ installed .ndependently on a base. In this case, strain 
weigh, of the light source uni^ a-^^d ^'^.o! f ap^^^^^^ ^P^^^''^^' °^ '° 

source unit optical axes (A,, and aJ and^he itiSS^^fe^^^ ^iT? a ^1"^ " ^ '^"^ "S*^' 
unit wil, become dlsplaceXsett^Jthe adjust^ sSeTf Z tt^^a'p;: a^ ^''^^^^^"^ 

th^ ~ :;:^airbXn '(if fnihro;TcrShT"" f r ^'^^^ - °p«- 

Photodetector528photoLctrica(h.dLctsarei^^^^^^^ rom optical integrator 220 to wafer stage WS). 

provides a control signal to a detector con^^^^^ and/or A^. ani 

collimating mirror 422 Consequently Len vibration o,^.^^ LTh ^ connected to and controls the inclination of 

the floor occurs, at least one of Sf^s^ce unj o^^af^^^^ T d'"' °' °^ 

= inroS^ysl^r: - — -e number Of 
present invention involves eliminating cZ^slrZ^^T-^iJ^^^^^ 1° """'''"^ °' ""'^^"^^ 

reflect^g element group 360b (220b in opricrinTeS 22^ RG 23)^ otL^" w^^H °' ^^''^^^ 

second reflecting element group 360bf220h^ bvarran^.v,^ ^' ^^^"^ constituting 

spherical surface (reference curved siSce ha^^^^^ 

can be incorporated into seconTrefleCe em n1 grC36o"T220br^;u? w^h 'T °' 
exposure apparatus 550 and also to FIG 21 a s^onri ra«. 7 , ^' ' ^ reference now to FIG. 31, and 
denser mirror 66 in one of second reflecting eVm^rgrou^^^^^^^^^ '^"'^'^ °' 

configuration Of second reflecting element qrou73^0b f220^^^ ?•? integrator 220. By modifying the 

(FIG. 28). the function of condeLer rn'res can be tmb nL .h °' ' ""1,^^°' °' 0 
31 con.p..es six mirrors 78a-78f to ~rrpro:e~p?;^^^^^^^^^^^ ^P^^' ^^^^ ^G. 

by this fine spray, the performancroMhe ooS t J ^ ! m.croscop.c matter. If optical parts are contaminated 

unifom,ity. deten^orates^hus XlTe'c^^^^^^^^^^ " '^'"^ °" ^^"^^'^"^^ reflection 

vacuum chamber 410. a sub;:hlmrer7o2 wl^^h ^^^^^ ^'"^r^*"' " P^^'"^^'"^ ♦° ^^^^^S^- 

602 includes a filter window 604^Sble of rr^nliS , ^ 1°!} ^"'^ ^'"P"^^' ^^8. Chamber 

.o^amber602..isarrange:rm-^^^^^^^^ 

tCulhth^a^s^hS^^^^^^^^ Since the transmi„an-ce of soft X-rays 

As a result, the mirror surfaces tend to warp ^00^^^^^^^^ '^-T'"'"^ °P'"^^' ^^^^ '° ^^'^P^' 

for each of the optical parts inside vacuum ^ambLr Si Mor J n? f l^T^ f '"^'^hanism (not shown) 

attached to each mirror and the temperaturdtetriS^rcnt^i^^^^^ preferably, rf a plurality of cooling mechanisms is 
the exposure operation can be fuJer Sri JleT ^^^P'"^ °' ^« "^'^r°- ^"^'"9 

[01 G4] In addition, a multilayer film is provided on the reflertinn «„rf=i^»^ ! 

erable that this multilayer film be formed by laySna a olr^rof i«t ?t ^""""^"'^ apparatus 400-600. It is pref- 
siiicon and silicon oxide ^ 'ayenng a plurality of materials from among molybdenum, lithium, rhodium. 

ihrpie^fiiTrt^rarurcrof^^^^^^^^ 

over an arcuateV shaped illumination ^Tm^n^^nlT Tr^""^ U^uminsXeti uniformly and efficientV 

A second advantagels that the illuminatL^^ eTeTce cTh ""^^"y/r^ ^P^^-^^ °' the illumination light 

imaged onfo the wafer by varying the s^^of tS ape" ? ''""""^ °" '"^^'^ ''^ 

A third advantage is thai the illuminat^n bll^, can be l^ulTr°' T w-' ^y^'^'^' 

converting unit. A fourth advantage is that o^ T^ olt^^Tj°T "'^ °^ ^" adjustable annular light beam 
system to alter the illumination coherence rmh advttaS^s th^^^^^^^^ '"""^^'^ illumination 

Pensated by measuring the light beam un.omS ^^^S^ t^^::::^^^::^ 
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uniformity measurement 

[01 While the present Invention has been described In connection with preferred embodiments. It will be under- 
stood that It IS not so limited. On the contrary. It Is intended to cover all alternatives, modifications and equivalents as 
may be Included within the spirit and scope of the invention as defined In the appended claims 



Claims 

^ An illumination system for Illuminating a surface over an arcuate illumination field , comprising: 

a) a light source for providing a light beam; 

b) optical integrator system capable of forming from said light beam a plurality of arcuate light beams capable 
of forming a plurality of light source Images . ^ip^Die 

2. An illumination system according to claim 1. further comprising a condenser optical system designed so as to 

ZSn? ^ ""^^^ ^° "•"'"'■"T ^^^^^-^^ "^'^ ^^'^^^'^ llluminatL field fn an 

overlapping manner. ^ ^J-Jik's.CMj- ^ Is^vt-vrii^ ck^ ^C-^JbuAicyz^pU^ls ( 

^iH^Tj^T^'T^Z ^'''h '^'"^ '° "'^'"^ ^' '^'^ condenser optical system comprises a condenser mirror 

■ face I r <=°ndenser mirror arranged such that said focal point substantially coincides with said sur- 

h'XttThSuuX^^^^^ 

^' ^l^^r/r^'f rr'""" ^"^r^^'?? '° "^■■"^ ^' "^"^ '"'^9^^*°^ =°^P"^^^ ^ P'-^^'i^y °' reflecting 

condiTon ^ ' • °P*'=^' ^y^'--^ has a focal length fc. and wherein the 

0.01 <|fp/f^|< 0.5 Awo-ic^ 1^ L!)aA«,^vc:|^e 

is satisfied. 

An optical integrator for an illumination system for illuminating an illumination field having an arcuate shape the 
optK^al Integra or comprising a first reflective element group having an array of first optical elements each hal ng 
an arcuate profile corresponding to the arcuate shape of the illumination field, and each having a reflecting surface 

7. An optical integrator according to claim 6. wherein said array of first optical elements has a roughly circular outline. 
i^^en^^gZcT"'''^^^ '"^"^ ^" '^'"^ '^^^"^'"^ ^"'^^''^ comprises an off-axis section of a spher- 

a'Tphtrical reSg™^ " "^'"^ ^^"^^""^ ^^'^''^ -"^^^'-^ - ^ - 

10. An optical integrator according to claim 6, further comprising a second reflective element oronn h.vin., . p.....n.,, . 

of second optical elements, each second optical element having a rectangular shape and a preLermined second ^H' ^ 

rejecting curved surface said first and second reflecting element groups being opposingly arranged suchTat 

said first reflecting group is capable of forming, from a light beam incident thereon a plurality of light sourceTn^ges 
at said plurality of second optical elements. y > -y " =.uun,e images 

11. ^ optical integrator according to claim 10. wherein each second reflecting cun/ed surface comprises an on^is 
section of a spherical reflecting surface. Pu^pJliuM. ^cJt S^U^ jcX^ 

' ^' ^T^H TrZT ^T'''"^ '° ' °' '^'^ ^P*''^^' ^'^'"^"^^ ^'^^^^^ in 3 plurality of columns 

each w th a corresponding axis passing therethrough, and wherein at least one of said plurality of first op^cal 
elements is rotatable about said corresponding axis so as to be capable of fomiing. frbm a lighi be^ ncS 
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thereon, a plurality of light source images at one of said second optical elements. 
^pl;l!;"^""'°" system for illuminating a surface over an arcuate illumination field having an arcuate shape, com. 
a) a fight source for providing a light beam* 

surface, said i^^t ^^e ^^^^^^^ h f^'^^ °' illumination field and a reflecting 

Of forming a piuraXty of Shtl'Lel^^^^ ^° '° ' P'"'^"'^ °' ^-^^^ "S^* beams capable 

c'^ndentS ^lu^ 0^^^^^^ ^^^^^^ ^ ^"^--^ ^V-m designed so as to 

overlapping manner. '° '""'"'"^'^ ""^^'^^ '^e arcuate illumination field in an 

cTJromtr. -V =t op.»=a, elements h„ a rocgh^ 

crXSrt,Tu™*' '° '"^ - o,.ex,e seCon 

30 face. arranged such that said focal point substantially coincides with said sur- 

35 

0.01 < |fpAcj < 0.5 

is satisfied. 

40 21. An illumination optical system accordlna to claim 1 •? f..rfh«,„« 

a plurality of second optical elements each sTJnH o f ^°"^P"s>ng a second reflective element group having 

mined second reflecting curved surface saiS firs^nH . T^"' ''^''"^ ^ rectangular shape'and a predeter- „, 

s.ch.atsaidplu.,ity^oflightsoreTagt^^^^^^^^^^ ^^^^ 

" s'Tcrof ITS^^^^^^^^^^^^ — -'-ing curved surface comprises an on^is ^ 

-e^n".^^^^^^^^^^ '-'r ^ - auxiliary optical ,nte,r.torar.nged be- . , , 

flective element group compriSng a flS plur^^^^^^^ '"^^^f - '^-"S - auxiJary re- Z . lOaU. 

reflectK^e element group comprising a sec'oni'XSliroS^^ ^" ^''^"^'"^ ^^'^^"'^ -'^^"-'V 

^ ~rnd°sr^^^^^^^^^^^^ 

oXi'rn^rSir^^^^^^^ - sa. .. and second auxiliary reflecUng 

ona plurality of first and second auxiliary reflecting optical elements are square 
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's r r/rrc^^^^ it^irn^^^^^^^^^^ ^-'^^ ^^^^^^ ^'^--^^-^ - sai. 

pable of controlling the rotaUon of said tu S o^^^^^^ r, "^"^ ^PP^^^"= ^eing ca- 

^^said light beam. "'^'^ ^° ^= '° ^P^^ure of said plurality of apertures into 

0 Wi"u:Z7:::;^Z-' ^'^^^^'"^ '-^^ °' ^ ^-n^ a predetem^ined pattern onto a photosens«ive 

I - S '■""'"'"3''°" system according to claim 13; £trC^ cut(_ O rcrZ- U 

»W a masit stage capable of supportinglhr;S ' 

di a oroSnn'^^r f "^"^ °' ^"PP°«'"9 ^^e pi;otosensitive substrate; and 

corresponding to said arcuate ilium^nltTcn Teld Ph°^°=«ns.tn,e substrate over an arcuate image field 

-s^aX aTe^^^^ ^ ^^^'^^ ^^^^'^'^ ~ - -"^ 

. connected to said first and second driJeTSsTco^^^^^^^ "T^ wafer stage, and a control system electrically 
wafer stage relative to said projection op^ca. sy^^^^^^^^ synchronous driving of said mask stage and 

^o;rZ^~Jr:^^^^^ ^'^'-^ --^^ ^Vstem mcudes a first variable aperture 

and second drive units so as to com ol tKrcoher^^^^^^^ T ^^^^'^'""^ •° ^aL first 

diameters. . ontrol the coherpnr>.^ rtr., r _ b y varying said first and second variable aperture 

concert with saM lirst and aacond d*. L, blrl? ^"r"""."" '° '° ««=P»'=*^'>' =diaa, m 

said sscofid variable aperture. sys^ma. aaid I19W beam aonverting unil said fifsl va/iabia apertgre and 

a) providrng an illumination light beam- 

aSrjZX'rjSr^rr'"''' ' P'-'«Vo,,a^„„, baan,e eortaapcndin,,, ^a 
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c) condensing said arcuate light beams onto the object over the arcualely shaped exposure field. 

39. A method according to claim 38. further including the steps, in said step b). of: 

iHfc«?"^ light beam from a first array of reflecting elements each having an arcuate shape and a 
reflecting surface hav.ng an eccentric curvature, and forming a plurality of light source images 

40. A method according to claim 39. further including the step, after said step i). of: 

a) providing an illumination light beam* 

"^^^ ^ ^--"^ - ^« "^^t beams corresponding to an 

c) condensing said arcuate light beams onto the mask over the arcuately illumination field- and 

d) projecting light from the mask onto the photosensitive substrate. ' 

42. A method according to claim 41 , wherein said step b) includes the steps of: 

and a 

lAn exposure apparatus for exposing a photosensrtive substrate with a mask having a pattern comprising: 

c'ompS."'" illuminating the mask with an arcuate illumination field, said illumination system 

i) a light source capable of supplying a light beam with a wavelength X < 200nm- 

:i:ertrg^tm?nrs;Sd^"""^^^''''^^^^ >. 

Hi) a condenser optical system capable of condensing said plurality of light beams so as to form ^ 

said light intensity distribution a, s^d pupir' ' .llum-nation cha^ngings^for changing 

45. A method of exposing a photosensitive substrate, comprising the steps of: 

a) providing the exposure apparatus according to claim 43" 

c) proofing an .mage of the mask pattern onto the photosensitive substrate using said projection optical 

46. A method of exposing a photosensitive substrate with a mask having a pattern, comprising the steps of: 

a) providing the exposure apparatus according to claim 44; 
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c SumSftfJ'^ ThT^ distribution at said pupil using said illumination changing system- 
d nroTJ^tt? '^"^ inumination field using said illumination system and 

d) p^ectlng an .mage o, the mask pattern onto the photosensitive substrate usin'g saiCiection optica, 

@ An exposure apparatus for exposing a photosensitive substrate with a mask having a pattern comprising: 

reflecting members designed so as to dirSt Sioh h J^! ^^^elength X < 200nm. and ii) a plurality of 




^, °' "^'"^ " -'»"«a WB, a mask having , pa«.m comprtsmg ,h, step= of: 

a) providing an exposure apparatus comprising: 

^cha^nging ,,gw ,„„„3,n, d^,*.«<„ a, a pup„ c. said projeoacn .y.,.„ .,i„g .aid i.,u„«„a,»n changing 

»-rarii=— -^^^^^^^ 

a\C,SSrX°:reS °' ^ - =P«»I H....a.c,Ka.ng 

'©rpa^,''co^SS;^r ""^ * ' '"""^ -P''"—'*- a n^K having 

srp:~hTrcrc;™:?Ci,ra2,^ ^^r ""-•^'^ ^v-. 

re«ecllng™mbe,sd,slg„aS?ol toSSlte^^^^^^^ o'.wavetenglh X < 200nn,. and II) a pl„,a|,yof 
b) a p,oi«fc„ opiical =yMa„ cnsSSdC^^lSl ^^Ta^Sfr "^^^^^^^ «•'"' °" mask; and 

so as to fom an hage of the pattern ~ Si?^ , t . '"^ Pl^P'osensitlve substrate 

pluiallty df reflecting membei id Pl«>'"=»n**ve siibstrate, said p,o|eclion system comprising a 

^egShavraS^rrrin ^e,^nr°"^ " E!S^^^t-«ng^:.=*.<^i^^ 
the^rod^rprn^gt ;r=;™"* '""'"'^ ' P»».osenslt.e s.bst,«e * a mask having a pattern, 

a) providing an exposure apparatus comprising: 
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0 an illumination system for Illuminating the mask with an arcuate illumination field, said illumination system 
comprising a light source capable of supplying a light beam of wavelength X < 200nm. and a plurality of 
reflecting members designed so as to direct said light beam to.said arcuate illumination field on the mask, 
at least one of said plurality of reflecting members being adjustable so as to adjust said light intensity 
distribution at the photosensitive substrate; 

ii) a projection optical system disposed in an optical path between the mask and the photosensitive sub- 
strate so as to form an image of the predetennined pattern on the photosensitive substrate, said projection 
system comprising a plurality of reflecting members; 

b) adjusting the light intensity distribution at the photosensitive substrate using said at.least one of said plurality 
of reflecting members; ^ 

c) illuminating the mask with said arcuate illumination field using said illumination system; and 

d) projecting an image of the pattern onto the photosensitive substrate using said projection system. 

54. A method according to claim 51 . wherein one of said plurality of reflecting members is an optical integrator havino 
a plurality of reflecting elements. 

/(sj) A method of exposing with a light intensity distribution a photosensitive substrate with a mask having a pattern 
the method comprising the steps of: 

a) providing an exposure apparatus comprising: 

i) an illumination system for illuminating the mask with an arcuate illumination field, said illumination system 
comprising a light source system capable of supplying a light beam of wavelength X < 200nm, and a 
plurality of reflecting members designed so as to direct said light beam to said arcuate illumination field 
on the mask; 

ii) a projection system having a pupil and disposed in an optical path between the mask and the photo- 
sensitive substrate so as to form an image of the pattern on the photosensitive substrate, said projection 
system comprising a plurality of reflecting members; 

b) changing the light intensity distribution at said pupil; 

c) adjusting the light intensity distribution at the photosensitive substrate; 

d) illuminating the mask with said arcuate illumination field using said illumination system; and 

e) projecting an image of the mask pattern onto the photosensitive substrate using said projection system 
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FIG. 1 0 
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